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GENERAL INTRODUCTION 
The little house fly, Fannia canicularis L. is a pest of some 
medical importance. James (1947) mentioned that there were many 
recorded cases of the invasion of the digestive and urinary tracts 
of man by several species of Fannia. The presence of fly maggots 
within an animal host produces a pathological condition known as 
myiasis. Larvae of the little house fly have been reported in the 
following types of myiasis in mans intestinal, urinary, vesicular 
and aural. The adults are suspected as being mechanical carriers 
of disease-producing organisms but experimental evidence is lack¬ 
ing on this point. 
The little house fly has a very wide geographical distribution, 
including Iceland and the Antarctic Islands. James (1947) gave 
information on the breeding media of this species. The larvae are 
able to develop in a wide variety of organic media, including many 
types of excrement, vertebrate cadavers, rotting vegetation, dead 
insects, milk products, etc* The adult flies are commonly found 
in dwellings because of migration. In localities where there is 
an abundance of larval breeding media, they often become very nu¬ 
merous in homes and cause severe annoyance by their presence. This 
species is apt to become a particularly bad problem in the vicinity 
of commercial poultry houses. Although the eggs of the fly are 
laid on various types of livestock excrement, Steve (1960) demon¬ 
strated that the females prefer poultry manure as an oviposition 
medium* 
The little house fly was selected as an experimental animal 
for three primary reasons. First, there is a lack of information 
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on the susceptibility of the larvae to insecticides, although 
there has been much work done with larvae of other manure-inhabit¬ 
ing flies. Second, there are several insecticides which have 
proved effective against the larvae of other fly species, and it 
seemed logical to test some of these against the little house fly. 
Third, this pest is an important one and is widely distributed. 
There was a change of emphasis during the course of this study 
from feeding experiments to laboratory tests. It was originally 
planned for this work to consist largely of field experiments; how¬ 
ever, feeding experiments did not seem advisable until more precise 
laboratory tests had been completed. Little work had been done on 
the control of F. canicularis larvae, and screening insecticides to 
determine their effectiveness against the larvae seemed to be a 
logical first step. In brief, this work was intended to single out 
those insecticides which might be worthy of field testing. 
Each of the insecticides chosen for use against larvae of the 
little house fly in this investigation were selected mainly on the 
basis of effectiveness against certain other flies, including the 
house fly, face fly, horn fly, stable fly and Fannia pusio. Although 
there are many recent references on other species, especially the 
house fly, no articles have been found which deal specifically with 
the control of F. canicularis in the larval stage. 
REVIEW OF LITERATURE 
Methods for the control of fly larvae 
Although sanitation has been found to be effective in reducing 
fly breeding, there are situations on poultry farms where frequent 
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removal of manure is not practical. Under these conditions chemical 
treatments aimed at the larvae are potentially useful. One method 
is simply to apply the chemicals on the surface of the manure. 
Chlorinated hydrocarbon insecticides have been found helpful for 
this purpose by Wolfenbarger and Hoffman (1944) and Tanada et al. 
(1950). Recently organic phosphate insecticides have been proposed 
for direct application to manure by Hoffman and Monroe (1956). 
Smith (1962a) has reported successful control of fly larvae with 
certain nematocidal soil fumigants. All of these investigations 
have been with larvae of the common house fly, Musca domestica L. 
Knipling (1938) proposed a unique method of control of feces- 
breeding larvae of the horn fly. This was to include an insecti¬ 
cide in the feed of cattle to render the feces toxic to larvae de¬ 
veloping in it. Since then cattle and poultry have been fed insect¬ 
icidal materials to control dipterous larvae of several species in 
the manure. This has been on an experimental basis} no practical 
control procedures have resulted from this line of investigation. 
A biological control method of utilizing young poultry to con¬ 
sume house fly larvae in poultry droppings was investigated by 
Rodriguez and Riehl (1959) and LaBreque and Smith (1960). 
Recent Investigations 
Anthony et al. (1961) and Eddy and Roth (1961) fed insecticides 
to cattle to check the development of face fly larvae in the feces. 
Counts were made of the numbers of flies emerging, and the mortali¬ 
ties were corrected by Abbott*s formula. The results were very simi¬ 
lar in the two papers• Anthony et al. obtained control of the face 
fly and house fly with Co-Ral, Bayer 22408, and ronnel. Eddy and 
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Roth found Co-Ral and Bayer 22408 the most effective materials 
tested against house flies * horn flies, and stahle flies, al- 
V 
though ronnel was also selected for additional testing. Treece 
(1962) found Co-Ral and Bayer 22408 effective against face fly 
larvae, and at the higher levels, ronnel, Bayer 29493, Zytron, 
and Ciodrin all gave 100 per cent mortality. In a study by 
> ■ 
Skaptason and Pitts (1962) Co-Ral appeared promising as an addi¬ 
tive in cattle feed for the control of house flies. 
In poultry experiments insecticides have been given to the 
birds both in single oral dosages and in mixtures with the feed 
or water. Recent studies, including those of Sherman and Ross 
(1959-1962) and Dorough and Arthur (1961), have been directed 
primarily against house fly larvae. However, in a study by 
Sherman and Ross (1962), a Calliphorid, a Sarcophagid and Fannia 
pusio were included in addition to the house fly. It was demon¬ 
strated in these studies that certain insecticides could be includ¬ 
ed in the diet of chicks or caged layers, thereby producing drop¬ 
pings containing trace amounts of toxicants which are effective 
against certain fly larvae. An advantage of the method is that 
the insecticides are mixed throughout the droppings. However, 
the stabilities of these toxicants in poultry manure were not 
determined. 
Sherman and Ross (1960b) obtained control of house fly larvae 
by including Dipterex, which is readily soluble in water, in the 
water given to chicks. Ihey obtained good results when the water 
was acidified to a pH of 7.0 or lower. Data furnished by the Chema- 
gro Corporation show that Dipterex decomposes more readily above 
5 
pH 6.0. 
Ross and Sherman (1960) Included insecticides in poultry diets 
in long-term feeding experiments. According to their results a 
number of insecticides did not appear to be so toxic to poultry 
as to produce substantial subclinical effects shown by decreases 
of egg production or weight gains. 
Briggs (1959-1960) and Dunn (1959) both reported Bacillus 
•* «■ 
thuringiensis var. thuringlensis Berliner an effective larvielde 
against the house fly. They included spores of the bacillus in 
poultry feed as a method of application. In his field experiments 
Briggs (1960) also noted a depression of the population of F. 
canicularis, which he believed was due to the action of this mi¬ 
crobial preparation. However, there were no quantitative data 
to support this observation. Considerable variations in house 
fly mortalities were obtained when different formulations of the 
spores were compared by Bums et al. (1961). Finally, the results 
of Sherman et al. (1962) were negative. In the latter study B. 
thuringiensis spores were fed to poultry at levels up to 4000 mg/ 
kg of feed without decreasing the emergence of Bannia pusio adults. 
The results with house flies and two other species of flies showed 
only low larval mortalities. They concluded that ^Bacillus thur¬ 
ingiensis is ineffective as a house fly larvicide by this method 
of treatment.” 
MATERIALS AND GENERAL METHODS 
Introduction 
All of the insecticides selected for testing (Table 1) had 
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shown promise as fly larvicides, with the exception of Dimetilan, 
which had been studied only for the control of adult flies. The 
latter has low mammalian toxicity and also it seemed desirable to 
include a carbamate insecticide because of its possible value 
against resistant strains. 
The experimental methods used in this work differ from the 
methods which have been used by other workers with other species 
of flies in certain important respects. Specifically these were; 
(1) collection and use of newly-hatched larvae of uniform age,(2) 
special care in handling these larvae, (3) post-treatment conditions 
which eliminated the necessity of adding water to the medium, (4) 
use of a rapid method of separating test larvae from the breeding 
medium, and (5) an attempt to determine the relative stability of 
the insecticides in a natural medium. 
Exposing larvae continuously to insecticides in a treated 
medium has the disadvantage of being less precise than applying 
a known quantity of insecticide to a particular site on the insect 
body. In attempting to compensate for this anticipated source of 
variability in the results, large numbers of flies were used and 
larvae of a uniform age were selected for testing. 
Culturing Methods 
A local strain of the little house fly was obtained for the 
present experiments. The original flies were collected from the 
poultry farm an the University of Massachusetts campus in June, 
1961 by sweeping building entrances with a net. A laboratory 
culture of these flies was maintained continuously throughout the 
experiments until February, 1963. Since most of the laboratory 
testing was done a year or more after the culture was started, 
the flies presumably comprised a fairly homogeneous population 
during the testing period. 
The original field-collected adults were brought into the 
basement of Fernald Hall and placed in two large cages of wood 
and window screen construction, which measured 24” x 24” x 25”. 
Food for the adult flies consisted of diastatic malt syrup di¬ 
luted 1:20 with tap water, and canned evaporated milk diluted 
1:10 with water. These were fed separately in waxed paper cups 
as containers, each containing a sheet of crumpled paper towel¬ 
ing. The containers were replaced twice a week. The foods and 
containers were identical to those advocated by Steve (1960). 
The cages were kept side by side, and both were illuminated con¬ 
tinuously by one 100 watt incandescent bulb located above them. 
Chicken manure collected in University of Massachusetts 
poultry houses was used as the oviposition medium throughout the 
experiments. An appropriate number of paper cups were filled 
half full with droppings and placed in a freezer. Cups containing 
the frozen manure were removed and placed in the rearing cages 
whenever a supply of eggs was needed. Almost equally good results 
were obtained by using a fermented Chemical Specialties Manufac¬ 
turers Association (C.S.M.A.) medium. This dry medium was placed 
in paper cups and water was mixed with it until the mixture was 
quite moist. The cups were then covered with petri dish covers to 
prevent evaporation. In five to seven days at room temperature 
the mixture became foul smelling but suitable as an oviposition 
medium. The surface of this medium often became covered with mold 
10 
which was removed before offering the cup to the flies. 
The fly larvae were reared in three-quart battery jars. One 
pint of C.S.M.A. medium was added to each of the jars, and approxi¬ 
mately 350 ml. of water was added to it to form a uniformly moist 
mixture. The eggs were deposited on the surface of this mixture, 
after which the jars were covered with a layer of fine cheese¬ 
cloth which was secured by a rubber band. The jars were kept at 
room temperature for incubation of the eggs. The larvae developed 
well in this medium and became full-sized if not overcrowded. 
When too many eggs were introduced into a jar and the larvae be¬ 
came too abundant, they were transferred into other jars contain¬ 
ing a suitable medium. The growing larvae were found mostly on 
the surface and along the sides of the jars, while the central 
portion of the medium usually remained uninhabited. The third 
instars, which became heavily sclerotized, migrated to the surface 
of the medium seeking a drier place to pupate. When the larvae 
appeared to be full-grown there were two courses which might be 
followed. One was to leave them in the rearing jars to pupate. 
After the adults had emerged, the jars were placed in the rear¬ 
ing cages or the adults were collected daily from the jars into 
pint-sized ice cream cartons with screened lids, and then released 
into the cages. This method excluded parasitic wasps but some¬ 
times allowed mite populations to build up. 
An alternative method was used most of the time, since it 
appeared to give better control of predaceous mites and parasitic 
wasps. After maturation of the larvae in the battery jars, the 
medium was placed in large Berlese funnels where an overhead light 
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caused the larvae to move downward through a screen and into a 
quart-size ice cream carton below. These larvae were then washed 
for a short time in a kitchen strainer under cool tap water to 
remove the mites. They were then transferred back to the ice 
cream cartons which were covered with fine cheesecloth to exclude 
parasitic wa3ps. Crandell (1939) found that the Pteronalid para¬ 
site, Pachyrepoideus vendemniae (Rond.), lays its eggs in the 
mature larvae of the little house fly. These wasps are capable 
of greatly reducing little house fly populations in cultures, 
and when they are present they must be excluded from the larvae 
as much as possible. As soon as the adult flies commence to 
emerge, the pupae can be placed in rearing cages. 
As mentioned above, the first method of rearing excludes 
parasites but allows mite populations to increase. In the con¬ 
finement of a battery jar, when the mites became numerous the 
adults can be seen crawling about inside the jar. As the flies 
emerge, the mites crawl up their legs and the flies can be ob¬ 
served trying to dislodge the mites by rubbing them off with their 
legs, but without success. The body of a fly may became almost 
completely covered with these Macrochelid mites. The mites can 
be seen inserting their mouthparts into the flies which eventually 
are immobilized and killed. The destruction of a fly in this 
manner commonly takes place within an hour or two. All of the 
emerging flies in a jar may be destroyed in this manner. The mites 
were probably of the species Macrocheles muscae domesticae (Scapoli) 
observed by Steve (1959). Spiders were a minor problem in the 
rearing cages. 
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Rearing flies was easiest during the winter when the numbers 
of mites and wasps could be reduced by their exclusion. Evidently 
during the warmer seasons the parasites were able to enter through 
the window screens. Flies of various kinds seemed to be attracted 
to odors from the rearing room, as more than the usual numbers 
were present on the window screens. Some of these wild flies prob¬ 
ably carried mites with them which were transferred to the flies 
in the cages. There was no difficulty in rearing large numbers of 
flies by the methods described, providing proper attention was 
given to excluding parasites and predators. 
General Methods for Assaying the Toxicity of Pesticides 
Incorporated into Poultry Manure 
The primary purpose of the work with the little house fly 
was to determine the relative effectiveness of certain insecti¬ 
cides against newly-hatched larvae. Young larvae which had not 
fed were added to poultry droppings which contained measured 
dosages of the insecticides, and larval mortalities were recorded 
after seven days under standardized conditions. 
Since there had been no previous toxicological work with the 
larvae of this species, a method had to be developed by which the 
comparative effectiveness of the various chemicals could be tested. 
The general methods used were chosen so as to give findings that 
might be applicable to field conditions. Poultry manure was 
chosen as the larval medium in preference to an artificial one. 
The main advantage of using poultry droppings is that an arti¬ 
ficial medium might react quite differently with the insecticides 
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than poultry manure would. Also It was necessary to use droppings 
to find the relative persistence of insecticides in the natural 
medium. However the water content of poultry manure varies, even 
when a large sample of it has been collected at one time and it 
has been thoroughly mixed. It would have been simpler to have use 
an artificial medium such as C.S.M.A. with which the moisture 
content of the medium could have been controlled more precisely. 
Formulated insecticides were used throughout. There might 
have been some advantages had technical materials been used. The 
concentrations of technical materials placed in a medium are easy 
i ' h ' * Tr * 
to calculate, and by using only the active ingredients, one is 
assured that there will be no unexpected side effects from the 
various ingredients exclusive of the toxicant found in the formu¬ 
lations. However, the solvent a technical material is dissolved 
in may influence the results, and not all of the technical mater¬ 
ials used are soluble in any one solvent. Finally, formulations 
are always used in the field, rather than technical materials. 
Although it is possible that there were ingredients in some of 
the formulations which might have affected the results, this seems 
unlikely. Because of the trace amounts of the formulations used, 
it seems probable that the effects of the formulations used were 
due primarily to the active ingredients. 
The poultry droppings which were used for egg deposition or 
to provide test media for the larvae were collected in quart-size 
i 
ice cream cartons at the University Poultry Farm. The manure was 
from white leghorn hens which were Kept in wire cages. Except 
in the feeding experiments, a manure sample contained droppings 
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from at least one-hundred and eighty birds which had been maintain¬ 
ed on a non-medieated ration. The droppings were collected from 
kraft paper which was kept underneath the cages. Each manure sam¬ 
ple was put into a large container and stirred until the droppings 
appeared uniform# 'Then the droppings were replaced in the quart 
cartons and frozen to kill any fly eggs which might have been pre¬ 
sent. Two or more days later, an appropriate number of the cartons 
were removed from the freezer and allowed to thaw at 80 °F. Seventy- 
five gram sub-samples of the thawed manure were weighed on a bal¬ 
ance and placed in petri dishes measuring 100 mm. x 20 mm. The 
dishes were then stored in a freezer and removed as they were need¬ 
ed. 
During the preliminary tests it was not necessary to maintain 
a large number of adult flies. A comparatively small number of 
eggs from the paper cups containing droppings were needed, since 
the first tests involved relatively few larvae at one time. 
Later thousands of eggs were collected twice daily from the two 
rearing cages so as to provide enough newly-hatched larvae in the 
larger experiments. When there was a large population of sexually 
mature adults eggs were laid continuously, and consequently there 
was a continuous production of newly-hatched larvae. The rate of 
hatching had to exceed the rate at which the larvae could be 
handled. Since fifty larvae can easily be transferred in five 
minutes, the rate of hatching had to exceed ten per minute when an 
experiment was being started. Eggs were laid on the surface of the 
droppings in the paper cups. When the cups were removed from the 
cages the eggs were scraped off with some of the moist manure# 
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This mixture was placed in petri dishes and left uncovered to 
allow the manure to dry. Since low humidities reduced hatch- 
ability of the eggs, they were held at relative humidities of 
50 per cent or higher. However, the humidity had to be low 
enough to allow the manure to dry before the larvae emerged from 
the eggs. When the manure was moist, the larvae fed upon it; 
but if dry, they were not able to feed, under such conditions 
they fell from the manure almost as soon as they hatched and 
accumulated on the bottom of the petri dish. To obtain larvae 
for an experiment, the dry manure with the eggs was transferred 
to another petri dish every fifteen minutes, thus providing a 
supply of larvae not more than about 15 minutes different in age. 
Since the larvae did not have an opportunity to feed before 
they were placed on a treated medium, and because they were of 
about the same age, quite uniform results were expected. In 
order to obtain larvae which were uniform in size, care was taken 
in rearing the flies to obtain full-sized pupae to place in the 
rearing cages, so the females which emerged would lay full-sized 
eggs. The criterion used for the selection of newly-hatched lar¬ 
vae for testing was that their size should be about equal to that 
of a full-sized egg. 
Although it has not been tested, this method for collecting 
newly-hatched larvae could probably be applied to other species of 
flies such as the house fly, and possibly to some insects quite 
different from these* 
It was found that fifty newly-hatched larvae would become full 
grown If allowed to develop in seventy-five grams of poultry 
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droppings* This was no great excess of food; in fact it was less 
food per larva than has been found in the literature to be neces¬ 
sary for any comparable fly species. Nevertheless seventy-five 
grams was chosen as the quantity for practical reasons; many gal¬ 
lons of poultry manure were used, even though the larval food sup¬ 
ply was kept to a minimum* 
The frozen manure in petri dishes was thawed at 80°F* just be¬ 
fore a test was started. In most cases certain concentrations of 
Insecticides were mixed with the droppings just before the larvae 
were transferred to them; however in one experiment the insecti¬ 
cide had already been mixed in the droppings by the birds which 
had been fed Co-Kal in regulated dosages* 
The larvae which fell to the bottom of petri dishes contain¬ 
ing dry manure and eggs were transferred to the surface of the 
manure in the test dishes. The tool for transferring the larvae 
consisted of a minuten nadeln pin with a matchstick handle. The 
blunt end of the pin was thrust into the matchstick and the pointed 
end was bent at about a 30° angle at a distance of one-eighth of an 
inch from the tip. A paper cup was kept nearby in which the pin 
could be dipped to add moisture to it or to remove unwanted eggs, 
larvae or manure. When the pin was moist the larvae readily ad¬ 
hered to it. It was only necessary to touch a larva with the flat 
side of the pin. The larvae were picked up quickly by scraping the 
pin along the bottom of the dish. Tie test manure they were trans¬ 
ferred to was always much more moist than the pin, and consequently 
they adhered readily to it. They were transferred by merely touch¬ 
ing the pin to the manure, and the transfers seldom damaged them. 
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When damage to a larva occurred it was at the time it was being 
picked up, and it could be discarded by dipping the pin in a con¬ 
tainer of water• The transfer to the wet manure was facilitated by 
making four nearly equidistant parallel grooves, each of which was 
about one-eighth of an inch deep, in the manure. The purpose of 
the grooves was to space the larvae in a linear order, and thus 
avoid placing two of them at the same location. This simple pro¬ 
cedure resulted in a fairly even distribution of the larvae. 
With an abundance of young larvae, fifty of them could be trans 
ferred in five minutes at a leisurely pace; occasionally they 
were placed on the manure in as little as three minutes. There 
was another advantage in the rapid transfer besides the efficien¬ 
cy of the method; if the time required to transfer the larvae had 
been prolonged, sane might have migrated from the test dishes. 
The handling and counting of the larvae was facilitated by the use 
of a binocular microscope and a hand counter. 
After fifty larvae had been added to a test petri dish, a 
square piece of fine cheesecloth was placed over it and secured 
with a rubber band. The dishes were placed in a cabinet where a 
temperature of 80°F. was maintained. Water in a glass dish pro¬ 
duced a humid atmosphere before the dishes were put into the cabinet 
Evaporation from the petri dishes and the glass dish provided a 
relative humidity of practically 100 per cent. Saturation of the 
air was an advantage for two reasons. The high humidity was easily 
maintained, whereas any lower humidity would have been difficult 
to control because the number of petri dishes in the cabinet varied 
in the different tests from four to about forty. Also the amount 
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of moisture in the air was influenced by the water in the petri 
dishes • 
She manure had to be kept moist to avoid heavy larval mor¬ 
talities* The larvae appeared to be tolerant of very moist con¬ 
ditions; possibly the first instar larvae respire through the 
cuticle to some extent. When the petri dishes were removed, the 
droppings in them appeared to be about as moist as they had been 
when the larvae were added. 
Many methods are given in the literature by which relative 
humidity can be maintained at about 50 per cent, but in these 
experiments the practical way to maintain moisture was to add 
water to the manure. Adding certain volumes of water at certain 
intervals did not appear to be very satisfactory, partly because 
the water was not mixed in the medium but only placed on top of 
it. It seems unlikely that the added water could have been dis¬ 
tributed very evenly with the medium, with the result that a lack 
of uniformity in the water content of different parts of the medi¬ 
um might have introduced an unwanted variable which would have 
lead to variable results. Therefore it seemed logical to keep 
the original amounts of water in the dishes from evaporating as 
much as possible and thus obviate the necessity of adding more 
water. 
Tie petri dishes were kept in the cabinet for a period of 
seven days. At the end of that period nearly all of the larvae 
had developed to the third instar, were well sclerotized, and 
large enough to be separated from the medium without difficulty. 
If a period of six days was used, many of the larvae were not full- 
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sized, whereas after eight days same of the larvae might have es¬ 
caped in search of a dry place to pupate. 
After seven days the manure in each dish was rinsed out with 
cool tap water into a large kitchen strainer which was constructed 
of a wire frame and window screen, The strainer was continuously 
agitated with back and forth movements under running water. After 
the manure had been flushed through the screen and the larvae had 
been washed to the bottom of the strainer, the strainer was in¬ 
verted and tapped once to remove the contents which were captured 
in the same dish the larvae had developed in. Then the dishes were 
covered and held for the counting of the larvae. 
The possibility that substantial numbers of larvae might es¬ 
cape during the washing process was eliminated by placing screens 
in the sink to capture the larvae. It was found that larvae would 
rarely escape in the washing process, certainly not enough of them 
to influence the experimental results. It is more than likely that 
had the attempt been made to count the larvae in the droppings, 
some would have been overlooked. In addition, that method would 
have been much less efficient in regard to time, 
A hand counter was an aid in obtaining accurate records of the 
numbers of survivors. Although these larvae are sluggish as com¬ 
pared to house fly larvae, they did move nearly continuously when 
the examinations were being made. Movement was the criterion by 
which it was determined whether or not the larvae were alive, 
Larvae which had not developed to the third instar were found oc¬ 
casionally. About half of these had died and become flabby. 
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Almost without exception, the larvae which had reached the third 
instar were firm to the touch and were alive* 
It is possible that the larvae which survived the insecticide 
treatments received dosages which would have affected their ability 
to develop into adults. Sherman and Ross (I960) investigated this 
possibility with the house fly. They determined the pupal mortal¬ 
ities of the flies after the larvae had grown on nine different 
treated media. Their data failed to show that sub-lethal doses of 
any of the insecticides tested prevented the emergence of adult 
house flies* 
In some of our preliminary experiments with the little house 
fly the pupal mortality was also determined, in order to determine 
whether or not the effect discussed above was present. When the 
counts of the larvae which had received sub-lethal doses were com¬ 
pleted, the live larvae were transferred to half-pint ice cream 
cartons. A 1/16-inch diameter hole was made in the lid of each 
carton, and the lid was placed back on the carton. These cartons 
were held at 80 °F. and 50 per cent R.H. until all of the adult flies 
had emerged, at which time they were counted. If the number of a- 
dulta was less than the number of larvae which had been introduced 
into the cartons, a search was made for dead pupae and larvae. 
When dead larvae were found, the larval mortalities were corrected 
to include those larvae. The puparla were examined for the open¬ 
ings through which the adults had emerged. When an opening was not 
found* the puparium was crushed. Such puparia were always solid 
and dry, %hich indicated that the fly had died in the pupal stage. 
Hone of the insecticides tested, including b. thuringiensis. 
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appeared to prevent emergence of little house fly adults from the 
pupae to a significant extent* 
EXPERIMENTS WITH POULTRY 
Introduction 
Several short-term experiments were carried out during the 
summer of 1961 at the University of Massachusetts Poultry Farm. 
White leghorn hens were fed Co-Ral both in daily dosage© and by 
mixing it with the feed* The purpose of these tests was to de¬ 
termine if dropping© from Co-Ral-treated bird© would prove suf- 
• *< 
ficiently toxic to F. canicularis larvae to indicate that Co-Ral 
might be of practical use in controlling little house flies by 
including it in poultry feed* 
Birds Fed Daily Oral Dosages of Co-Ral 
* A 
The first preliminary field experiment took place in dune, 
1961* A feeding experiment for another purpose was then in pro¬ 
gress with white leghorn hens housed in wire cages. A 50 per 
cent oral drench powder formulation of Co-Ral had been carefully 
weighed in quantities calculated on the basis of the amounts of 
active insecticide per weight of the individual hens. These 
quantities of Co-Ral had been enclosed in gelatin capsules, and 
the hens had received the capsules daily by forced feeding for a 
period of three days before the work with the little house fly be¬ 
gan. A group of control birds were similarly fed capsules con¬ 
taining only the diluent used in the Co-Ral formulation. 
A pan was positioned beneath each bird to collect the 
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droppings• Hens which had received the 5.0 mg./kg. dosage ate 
less feed which resulted in the production of droppings which 
contained comparatively more liquid than the droppings from the 
birds which had received lesser amounts of Co-Ral. After the 
hens had been given the capsules for three days, the droppings 
accumulated during the following twenty-four hour period were 
collected, well mixed, and frozen. These droppings were from 
groups of ten hens which had received different levels of Co- 
Hal, as well as from the control group. 
These * treated” poultry droppings were assayed for toxicity 
to fly larvae by the methods previously described. The results 
showed no evidence of toxicity to the larvae from the 1.0 mg./kg. 
level of feeding. However they did show that Co-Hal was excreted 
so as to be highly toxic to the fly larvae at the 5.0 mg./kg. 
level (Table II> The pupal mortality was higher at 1.0 mg./kg. 
than in the controls, but this was probably due to some factor 
other than an adverse effect of sub-lethal quantities of Go-Ral on 
fly emergence. In any case, no toxic effects of Co-Hal on the 
pupal stage ware evident in the field and laboratory tests which 
followed. 
It was expected that the Co-Hal consumed by the birds would be 
excreted for some time after the administration of the capsules had 
ceased. Dorough et al. (1961) found by chemical analyses that sub¬ 
stantial amounts of Co-Hal were excreted by poultry during the 
period in which the birds were being fed insecticide-treated feed. 
They also determined that most of the Co-Hal was eliminated by the 
birds within a period of three days after they had been returned 
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TABLE II 
TOXICITY OF DROPPINGS FROM HENS FED DAILY DOSAGES 
OF CORAL TO LITTLE HOUSE FLY LARVAE 
AMHERST, MASSACHUSETTS, JUNE, 1961 
Daily dosage 
of Co-Ral 
fed1 
No. larvae 
in test 
Mean mortalities 
Larvae Pupae 
mg./kg. per cent per cent 
CM
 
O
 
•
 
o
 150 * 
.
 CO
 
o
 
.
 
o
 
1.0 150 2.3 5.3 
5.0 150 100.0 
Milligrams of active ingredient in the 50 per cent Co-Ral 
oral drench powder formulation per kilogram of body weight of the 
birds. 
2 Diluent without insecticide force-fed to these control birds. 
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to normal feed. However, since the 5 mg./kg. level had produced 
100 per cent mortality of larvae introduced into the droppings 
(Table XI), a test was run to see if sufficient quantities of 
Co-Ral were present in the feces five days after treatment to 
produce larval mortality. Droppings were collected at that time 
from the ten hens which had received the 5 mg./kg. dosage. Two- 
hundred newly hatched larvae added to the droppings from those 
birds showed only three per cent larval and zero per cent pupal 
mortalities. These mortalities were even lower than those of 
the controls in which there was a four per cent mortality of 
one-hundred larvae. Evidently any toxic compounds excreted in 
a twenty-four hour period starting five days post-treatment were 
at too low levels to be detected by this method. Borough et al. 
found small quantities of Co-Ral in the droppings up to three 
weeks fallowing treatment. 
Birds Given Peed attaining Co-Ral 
Sherman and Ross (1960c) fed seven insecticides mixed in 
feed to caged laying hens and chieks and determined the mortalities 
to house fly larvae placed on the droppings from the birds. Co- 
Ral at a concentration of 89 p.p.m. in the feed produced 93.2 
per cent mortality of house fly larvae* Since Co-Ral appeared 
* 
promising as a fly larvicide by administering it in poultry feed, 
a similar experiment was undertaken to find the effectiveness of 
the Co-Ral against little house fly larvae. Several levels of Co- 
Ral were chosen which corresponded closely to the levels which had 
produced substantial mortalities of house fly larvae in the work 
of Sherman and Ross. 
Fifty per cent Co-Sal opal drench powder was mixed with a 
pelleted form of poultry feed by adding measured amounts of the 
Co-sal powder to gallon-size glass mayonnaise jars, each of which 
contained two Kilograms of the feed, The amounts of Co-Sal added 
ware on the basis of milligrams of the active ingredient in the 
formulation per kilogram of feed. The jars were rotated for fif¬ 
teen minutes at 18 r.p.m. on rollers powered by an electric motor. 
Traction of the jars an the aluminum rollers was improved by plac¬ 
ing two strips of innertube around each jar. 
The poultry in this feeding experiment were white leghorn hens 
which were kept in wire cages with a dropping pan placed under each 
bird. Sixteen birds were separated into four groups of four birds 
each. Each group of four was given feed containing one of the four 
concentrations of Co-Sal# 
Data concerning the quantities of Co-Sal excreted by hens in 
the paper of Borough et al. (1961) did not indicate that it would 
have been advantageous in our feeding experiment to have given the 
birds treated feed over long periods. In fact their residue anal¬ 
yses suggested that the amounts of Co-Sal excreted daily became 
fairly uniform on the sixth day after the birds had been put on 
treated feed. Our feeding experiment with the little house fly 
began in July, 1951. The birds were given the feed ad libitum for 
a period of six days, at which time the droppings were collected 
which had accumulated during the previous 24 hours. 
There was no apparent harm to the birds which were given the 
treated feed. The feed appeared to be unattractive to the hens at 
the 12$ mg./kg. concentration of the Co-sal; however the birds 
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which received that concentration appeared to consume about as 
much feed as the other hens several days after the treatment be¬ 
gan . Records were kept of weight gains per bird, eggs produced, 
and of feed consumed by each group of four birds (Table V)* A 
record was not obtained of the feed ingested by the control birds 
which received the untreated pellets. Cue to the short feeding 
period and the lack of substantial variations in weight gains, 
feed consumption, and egg production, it cannot be concluded that 
there were or were not effects of consequence to the hens. 
the droppings that were collected from the metal dropping pans 
were well mixed and frozen before they were assayed for their tox¬ 
icity to fly larvae, the manure was thawed at 30°F. and seventy- 
five gran sub-sa>s$les were placed in each of sixteen petri dishes. 
There were four replicates, in each of which there were four dishes 
containing fifty larvae each. Counts were made of the surviving 
larvae and adults to determine the larval and pupal mortalities, 
the larval mortalities were corrected by the formula of Abbott (1925). 
Larval mortalities exceeding that of the controls were found 
at each concentration of Co-Ral in the feed (tables XU and V). 
At the 125 mg./kg. level of Co-Ral there was an effective degree 
of larval control. The data from this experiment were analyzed 
to determine the significance of the differences between the four 
replicates (table IV). 
When Borough et al. (1961) gave untreated feed after the treat¬ 
ment there was a rapid decline in the amounts of Co-Ral eliminated 
in the feces, compared to the quantities excreted during the treat¬ 
ment period. After the hens had been given their normal diet for 
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TABLE III 
SURVIVAL OF LITTLE HOUSE FLY LARVAE IN DROPPINGS FROM HENS 
GIVEN CO-RAL CONTINUOUSLY IN POULTRv FEED1- 
AMHERST, MASSACHUSETTS, 1961 
* 
Level of Number of 
, . . 2 larvae surviving 
Co-Ral 
in feed ^ 
Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average 
mg./kg. 
0 48 48 44 49 47.25 
25 48 46 46 39 44.75 
75 38 38 6 48 32.5 
125 6 5 5 5 5.25 
At the conclusion of a six-day treatment period, droppings 
were collected which had accumulated during the previous twenty- 
four hours. 
2 
The four replicates included here were started on the following 
dates; 8/4/61, 8/5/61, 8/7/61 and 8/10/61. 
q 
Milligrams of the active ingredient per kilogram of poultry 
feed. 
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TABLE IV 
ANALYSIS OF VARIANCE ON DATA PRESENTED IN TABLE III 
Source of variation d. f. Mean square 
Treatments 3 1,480.23** 
Blocks (replicates) 3 92.56 N.S. 
Error 9 87.62 
** Indicates significance at the 1% level. 
N.S. Not significant at the 5% level 
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several days, the amounts of Co-Ral excreted daily remained at a 
low but fairly uniform level until the conclusion of their experi¬ 
ment . 
It seined desirable to find whether or not enough Co-Bal was 
eliminated by the hens in this investigation shortly after the 
treatment had ceased to produce larval mortality on the droppings, 
lifter the birds in the previous experiment had been given untreated 
feed for one day after the end of the treatment, the manure from 
the next 24 hours was collected and tested for toxicity* Fifty 
larvae were added to each petri dish containing droppings from 
each of the four groups which had each been fed one of the four 
levels of CO-Bal* the larval mortalities in the first run indi¬ 
cated that Co-Kai was not present in the droppings at concentra¬ 
tions which were particularly toxic (Table VI). therefore further 
replications did not appear to be justified and were eliminated. 
Discussion 
The results from the above experiments indicated that Co-Kal 
might be useful for the control of little house fly larvae. O* 
Bal also appears to be effective against larvae of the common 
house fly, Mnaca, domestica h* according to the results of Anthony 
H. a£. (1961), borough and Arthur (1961), Eddy and Both (1961), 
Sherman and Boss (1959-1962) and Skaptason and Fitts (1962). 
Sizeable populations of both fly species are commonly found in the 
same locations where there is an abundance of poultry manure in 
which the flies can breed. A field study of the effects of em¬ 
ploying Co-Bal in poultry feed against populations of these two 
species would be of interest but perhaps of limited practical value. 
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TABLE VI 
TOXICITY TO LITTLE HOUSE FLY LARVAE OF DROPPINGS FROM HENS 
GIVEN CO-RAL CONTINUOUSLY IN THE FEED TWENTY-POUR TO 
FORTY-EIGHT HOURS AFTER CO-RAL FEEDING WAS STOPPED. 
AMHERST, MASSACHUSETTS, 19611 
Level of 
Co-Ral 
in feed^ 
Mortalities 
Larvae Pupae 
mg./kg. per cent per cent 
0 4 1 
25 10 1 
75 4 4 
125 2 4 
"^Fifty larvae were utilized at each level of Co-Ral. 
2 
Milligrams of the active ingredient per kilogram of poultry 
feed 
PRELIMINARY SCREENING EXPERIMENTS 
Introduction 
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Following the feeding experiments with poultry it 3earned ad¬ 
visable to screen a number of premising insecticides for possible 
use against little house fly larvae* Thirteen pesticides were used 
in the preliminary work (Table I), and at the conclusion of the 
first experiments nine materials were selected for more detailed 
testing* 
Methods 
Formulated insecticides were mixed with 75-gram sub-samples 
of the manure in the same petri dishes to which the newly-hatched 
larvae were to be added. Concentrations of the pesticides were 
calculated on the basis of milligrams of active ingredient per 
kilogram of manure* Measured quantities of the toxicants were 
placed in volumetric flasks and diluted with distilled water* 
The appropriate amounts of the suspension or emulsion were pipetted 
from the flasks to the petri dishes containing the droppings. Dis¬ 
tilled water was added to the volume required from the flask in 
each case to make a total of five milliliters; thus there was a 
constant volume of liquid added to each dish* Ihe control dishes 
received five milliliters of distilled water. After adding the 
toxicant and distilled water to the dishes, a glass stirring rod 
was employed to mix the toxicant throughout the droppings. 
Results and Discussion 
The data from the preliminary tests are presented in Tables VII 
and VIH. Except in the first test, insecticides were not compared 
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TABLE VII 
TOXICITIES OF INSECTICIDES MIXED WITH POULTRY DROPPINGS TO 
LITTLE HOUSE FLY LARVAE. AMHERST, MASSACHUSETTS, 19611 
Material Level^ Mortalities of larvae 
mg./kg. per cent 
None (Control) 0 4 
Bayer 29493 50 100 
Cygon 50 100 
Diazinon 50 100 
Malathion 50 100 
Sevin 50 30 
Fifty larvae were employed for each of the treatments. 
Milligrams of active ingredient per kilogram of droppings. 
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TABLE VIII 
TOXICITIES OF INSECTICIDES MIXED WITH POULTRY DROPPINGS 
TO LITTLE HOUSE FLY LARVAE AND PUPAE. 
AMHERST, MASSACHUSETTS, 1961-19621 
Material Level^ 
Mortalities 
Larvae Larvae0 Pupae 
mg./kg. per cent per cent per cent 
Bacillus 0. 8 2 
thuringiensis 26.7 12 4.3 0 
53.3 6 0. 2 
106.3 8 0. 0 
213.3 6 0. 2 
426.6 14 6.5 4 
0. 16 0 
26.7 20 4.8 2 
53.3 10 0. 2 
106.6 18 2.4 0 
213.3 16 0. 4 
426.6 64 57.1 .2 
0. 2 2 
850.0 4 2.0 2 
1,700.0 2 0. 10 
3,400.0 4 2.0 4 
0. 18 2 
27,000.0 72 56.1 2 
54,400.0 90 87.8 4 
08,800.0 100 100. 
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TABLE VIII (continued) 
Material 
Bayer 29493 
Co-Ral 
2 
Level Mortalities 
Larvae t 3 Larvae Pupae 
mg./kg. per cent per cent per cent 
0. 0 4 
2.0 64 64.0 2 
4.0 94 94.0 0 
8.0 96 96.0 0 
16.0 100 100. 
32.0 100 100. 
0. 10 
2.0 82 80.0 
4.0 96 95.5 
8.0 100 100. 
16.0 100 100. 
32.0 100 100. 
0. 14 
1.0 78 74.9 
1.0 58 51.2 
2.0 98 97.8 
4.0 100 100. 
8.0 100 100. 
0. 4 2 
0.25 4 2.0 0 
0.5 12 10.2 0 
0.8 22 20.4 0 
0. 4 
0.8 56 54.2 
1.0 96 95.8 
2.0 98 97.9 
4.0 98 97.9 
0. 6 
0.8 34 29.7 
2.0 84 87.2 
4.0 96 95.7 
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Material 
Co-Ral 
Ciodrin 
Cygon 
ABLE VTXT (continued) 
Mortalities 
Larvae 
Q 
Larvae Pupae 
mg,/kg. per cent per cent per cent 
0. 6 
0.8 10 4.2 
0.9 20 14.9 
1.0 34 29.7 
2.0 88 87.2 
4.0 96 95.7 
0. 28 6 
0.1 14 0. 4 
0.5 14 0. 6 
2.0 96 94.4 0 
8.0 100 100. 
0. 36 
1.0 100 100. 
2.0 100 100. 
4.0 100 100. 
8.0 100 100. 
16.0 100 100. 
0. 20 0 
0.1 98 95.2 0 
0.2S 100 100. 
0.25 100 100. 
0.25 100 100. 
0.25 100 100. 
0.5 100 100. 
1.0 100 100. 
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TABLE VIII (continued) 
Material 
Diazinon 
Dicapthon 
Dimetilan 
Korlan 
Level2 Mortalities 
Larvae Larvae3 Pupae 
mg./kg. per cent per cent per cent 
0. 10 
1.0 100 100. 
2.0 100 100. 
4.0 100 100. 
8.0 100 100. 
16.0 100 100. 
0. 16 
0.1 24 9.5 
o.s 26 11.9 
2.0 74 69.0 
8.0 100 100. 
0. 8 
0.1 6 0. 
0.5 40 34.8 
2.0 88 87.0 
8.0 100 100.0 
0. 0 4 
0.5 14 14.0 4 
2.0 58 58.0 2 
8.0 100 100. 
0. 8 4 
0.1 34 28.3 4 
0.2 42 37.0 0 
0.4 24 17.4 4 
0.8 32 26.1 2 
1.0 10 2.2 2 
Malathion 
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TABLE VIII (continued) 
Material Level^ 
Mortalities 
Larvae Larvae^ Pupae 
mg./kg. per cent per cent per cent 
Neguvon 0. 12 2 
1.0 24 11.4 0 
2.0 84 81.8 2 
4.0 98 97.7 0 
8.0 100 100.0 
16.0 100 100. 
0. 12 2 
0.2 14 2.3 2 
0.5 34 25.0 0 
1.0 32 22.7 2 
6.0 94 93.2 0 
Zytron 0. 6 2 
0.1 4 0. 0 
0.5 4 0. 0 
2.0 8 2.0 0 
8.0 100 100. 
1 Individual tests in this table are separated by horizontal 
lines. 
Fifty larvae were employed for each of the treatments. 
o 
Milligrams of active ingredient per kilogram of droppings, 
with the exception of B. thuringiensis with which the levels 
were calculated on the basis of milligrams of formulation per 
kilogram of droppings. 
3 Larval mortality corrected by AbbottTs formula. 
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simultaneously under identical conditions because it was not 
practical to compare 13 insecticides at the same time. However, 
since controls were employed to measure the natural mortality 
under the particular conditions of each test, the effectiveness 
of each of the toxicants was approximated, the purpose of these 
preliminary tests was to detect substantial differences between 
the insecticides. 
In these tests Co-Hal produced 90 per cent mortality with a 
concentration of 2.0 mg./kg. In the feeding experiment nearly 
the same mortality resulted from a concentration of 125 mg./kg. 
in the poultry feed. There appeared to be a great amount of 
effective toxicant lost in the passage through the birds. 
When a sample of droppings was air-dried about 80 per cent of 
its weight was removed. Information was supplied by Dr. Donald 
L. Anderson that the dry matter of poultry feed is approximately 
70 per cent utilized, and that the feed contains about 10 per 
cent water. Taking into account the average amounts of feed and 
water consumed daily per bird, he calculated that an approximate 
concentration of 70 p.p.m. in the droppings might be expected if 
all the Co-Ral fed at the 125 mg./kg. level wore eliminated. 
This estimated concentration evidently exceeds the 2.0 mg./kg. 
level by about 35 times, so that an estimated l/35th of the Co-Hal 
fed to the poultry was effective to the larvae under the test 
conditions. According to the work of Dorough et al. (1961), both 
the breakdown of Co-Ral in the feces and the storage of the insect¬ 
icide in poultry tissues would contribute to the loss of effective 
toxicant observed in our tests. 
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In their experiments, Borough et al. (1961) showed the pro¬ 
portions of unchanged Co-Ral and a number of breakdown products 
of the insecticides in poultry feces. In our tests, the toxicants 
eliminated in the feces are not comparable to the Co-Ral mixed 
in the droppings. Since the field and laboratory tests were done 
at different times which involved different test conditions and 
different insects, these data can only be compared for approxi¬ 
mations as to the proportions of toxicants which passed through 
the birds and were effective against the larvae. But regardless 
of the composition of the excreted toxicants, they were effective, 
and the level of 125 mg./kg. does not seem nearly high enough to 
limit the possibilities of utilizing the insecticide in poultry 
rations from an economic standpoint. 
The data are compared further in graphs I and II where the 
dosage-mortality curves were plotted. Since there were few points 
on which to base the estimated curves, and because the data were 
not obtained in a manner necessary for a bioassay, it did not 
seem advantageous to determine the lines by precise mathematical 
means. In drawing the curves greater weight was given to mortal¬ 
ities approximating the 50 per cent mortality level. 
The two sets of data are compared in Table IX at mortality 
levels ranging from 10 to 90 per cent. The slopes of the two 
dosage-mortality curves do not appear to be equal as is shown by 
the inequalities of the last column of Table IX and by superim¬ 
posing the two graphs. The probability that the slopes are equal 
was not determined by statistical means. If the slopes are un¬ 
equal, this suggests that the toxicants were not the same or the 
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TABLE IX 
rtVj k , **’'■’• •*»•. "v_ 
ESTIMATED PROPORTIONS OF EFFECTIVE TOXICANTS ELIMINATED 
FROM CO-RAL-FED BIRDS BY A COMPARISON OF DOSAGE- 
MORTALITY CURVES FROM GRAPHS I AND II. 
Levels of Co-Ral 
Mean 
mortalities 
of larvae-*- 
Estimated 
proportion of 
effective 
toxicant 
excreted^ 
Projected from 
Graph I 
Projected from 
Graph II 
mg./kg. mg./kg. per cent per cent 
40 0.52 10 1.30 
52 0.66 20 1.27 
69 0.77 30 1.12 
82 0.87 40 1.06 
100 0.99 50 0.99 
104 1.12 60 1.08 
109 1.27 70 1.16 
116 1.50 80 1.29 
125 1.85 90 1.48 
Larval mortalities corrected by AbbottTs formula. 
o 
Column 2/ column 1 x 100. 
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amount# of toxicants eliminated in droppings were not proportional 
to the amounts fed, 
Pesticides Eliminated in the Initial feats 
Bacillus thuringiensis was ineffective against the larvae and 
pupae at a level of 27,200 p.p.m. It finally produced 100 per cent 
larval mortality at 108,800 p.p.m. of the formulation* however 
at that level, the weight of the formulation in a petri dish was 
about equal to the weight of the manure air-dried! 
Dicapthon was included because of the possibility of its use 
as a drench* However it has been reported to be toxic to poultry, 
has a tendency to stain, and was substantially less effective than 
Ciodrin, Co-Ral, Cygon, Diazinan and Neguvon. 
Malathion was ineffective at levels up to and including 1 p.p.m* 
Other materials (except Sevin) produced substantial mortalities 
at this level* 
Sevin gave a larval mortality of only 30 per cent at 30 p*p.m. 
All the other chemical materials produced 100 per cent mortality 
at the 50 p*p*nu level* 
EXPERIMENTS TO DETERMINE THE INITIAL EFFECTIVENESS 
AND PERSISTENCE OF SELECTED INSECTICIDES 
Introduction 
Nine insecticides were selected from the preliminary tests 
which appeared to be promising for reducing the breeding of fly 
larvae by applying the insecticides to the surface of droppings 
or by feeding them to poultry to render the droppings toxic to 
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the larvae. Some of the materials may be found useful for both 
methods of application. 
The usefulness of the insecticides appears to depend on a 
number of factors such as their toxicity to fly larvae, their 
rate of decomposition in poultry manure, their toxicity to poul¬ 
try, and the presence of their residues in eggs and poultry tis¬ 
sues. It is obvious that those insecticides which do not readily 
decompose in the droppings would be most premising for use by 
either method. Droppings usually dry out eventually, at which 
time any toxicants remaining would probably be unavailable to the 
larvae. The time required for the droppings to become dry would 
vary from place to place, depending an the particular ecological 
condition. In the laboratory tests the fly larvae survived well 
in manure which was very moist. There is no evidence that the 
larvae show preference for fresh droppings over droppings which 
have been present for some time. In any case, it was concluded 
that the relative persistence of the insecticides in poultry 
manure may be an important factor to be considered when insecti¬ 
cides are selected for use in field experiments on the basis of 
their performance in laboratory tests. 
In the two final experiments in this investigation an attempt 
was made to compare the insecticides for both initial effectiveness 
and relative persistence at the same time. 
Methods 
In the laboratory tests two sets of dishes were utilized in 
each run. One set was labeled 0 hours and the other 48 hours. 
When a certain insecticide was added to the droppings in petri 
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dishes prior to mixing, it was added to two dishes instead of one 
as in the preliminary tests • Fifty larvae were introduced in the 
dish labeled 0 hours shortly after the toxicant had been mixed in* 
The second dish labeled 48 hours was held for two days at 80 °F. 
before the larvae were added. The same amounts of an insecticide 
were added to the two dishes and the mixing was done at the same 
time, the two dishes were kept side by side in an incubator for 
two days, then the dish labeled 48 hours was removed, larvae were 
added to it, and it was returned to the incubator for the seven- 
day holding period before a count was made of the survivors, the 
number of survivors in the dishes labeled 0 hours showed the ini¬ 
tial effectiveness of each treatment. By comparing the numbers of 
.i 
survivors from the 0 hour and 48 hour dishes, the relative stabil¬ 
ities of the various insecticides in the droppings could be de¬ 
termined. 
It was found in preliminary testing that substantial losses 
of effectiveness often occurred after 48 hours. However with most 
materials the loss of toxicity was not very great after one day. 
A two-day period appeared to be about right for comparing per¬ 
sistence. 
In the first experiment the insecticides were compared at 
levels of 0.25, 1.0 and 4.0 mg./kg. (Table X). This range of con¬ 
centrations appeared to be too great with most materials, since 
the lowest levels often resulted in little effect on the larvae, 
while the highest level often produced 100 per cent mortality. 
A second experiment followed in which the range of concentrations 
was reduced to gain information for the two intermediate levels of 
47 
TABLE X 
INITIAL TOXICITY AND PERSISTENCE OF SELECTED INSECTICIDES 
IN POULTRY DROPPINGS TO LARVAE OF THE LITTLE HOUSE FLY. 
AMHERST, MASSACHUSETTS, 1962. 
48 
TABLE X (continued) 
1 
Milligrams of active ingredient per kilogram of droppings. 
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0*5 and 2,0 mg./kg. (Table XX) • The very lw level of 0,25 mg •/kg* 
in the first experiment was necessary due to the exceptional ini¬ 
tial toxicity of (jygon. 
In each run the order of the treatments with the nine mater¬ 
ials was at random. Cards were prepared bearing the names of the 
insecticides and the cards were shuffled and dram to randomize 
the sequence of the treatments. Eight control dishes were employed 
for each run, and counts of larvae from these dishes were utilized 
to determine corrected mortalities by Abbott’s formula. 
Statistical Analysis 
All zeros were removed from the data of Tables X and XI for 
the purpose of testing the results. This was dens by adding the 
quantity of one to each observation of the lumber of survivors. 
A factorial type of analysis of variance was employed in analyzing 
the data from the two experiments. Procedures for the calcula¬ 
tions are given in the appendix, this information was provided 
by Dr. Richard A. Damon Jr., as well as the statistical design 
for the experiments. There were four main sources of variance 
known, namely runs* treatments, levels and hours, and also all 
possible interactions between these main effects. 
In the first experiment the replicates were not significantly 
different from each other and the interactions involving the rep¬ 
licates were also non-significant (Table XII), but the other 
interactions were highly significant. On advice of Dr. Damon, 
the subclasses which included runs(R) were pooled and became a 
part of the error (Table C). The result was that all the inter¬ 
actions involving T, h and H were still highly significant. 
so 
TABLE XI 
INITIAL TOXICITY AND PERSISTENCE OF SELECTED INSECTICIDES 
IN POULTRY DROPPINGS TO LARVAE OF THE LITTLE HOUSE FLY. 
AMHERST, MASSACHUSETTS, 1962-1963 
Material Level1 
(mg. /kg.) 
Number of larvae surviving 
1 Replicate 1 Replicate 2 Replicate 3 
0 hrs. 48 hrs. 0 hrs. 48 hrs. 0 hrs. 48 hrs. 
Bayer 1 
29493 O.S 41 40 36 40 25 26 
1.0 6 20 10 37 14 17 
2.0 2 14 8 2 0 2 
Co-Ral O.S 13 37 17 35 14 36 
1.0 6 22 8 6 1 17 
2.0 0 1 0 2 0 6 
Ciodrin 0.5 12 46 41 45 31 44 
1.0 8 45 20 47 26 31 
2.0 0 44 12 45 6 14 
Cygon 0.5 0 5 2 12 0 23 
1.0 0 1 1 0 0 15 
2.0 0 0 0 0 0 0 
Diazinon 0.5 38 43 24 50 25 31 
1.0 4 32 7 16 2 11 
2.0 0 2 0 0 0 0 
Dimetilan 0.5 42 44 32 37 27 32 
1.0 18 42 17 35 10 20 
2.0 4 14 4 11 3 5 
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TMLE XI (continued) 
Material Level1 
(mg./kg.) 
Number of larvae surviving 
Replicate 1 Replicate 2 Replicate 3 
0 hrs. 48 hrs. 0 hrs. 48 hrs. 0 hrs. 48 hrs. 
Korlan 0.5 21 49 33 49 28 39 
1.0 11 48 3 33 11 38 
2.0 5 30 2 29 0 31 
Neguvon 0.5 18 48 26 41 34 49 
1.0 0 48 7 48 3 39 
2.0 1 47 0 44 0 24 
Zytron 0.5 36 41 15 45 33 38 
1.0 25 42 12 34 26 31 
2.0 9 20 1 15 16 21 
None 
(Control) o • o 50 43 39 47 45 45 
47 49 46 49 44 49 
42 48 48 48 48 44 
47 44 38 46 47 46 
1 Milligrams of active ingredient per kilogram of droppings 
52 
TABLE XII 
ANALYSIS OF VARIANCE ON DATA PRESENTED IN TABLE X 
Source of 
variation d. f. Mean square 
Test of 
significance 
Runs (R) 2 78.000 R/E 
Treatments (T) 8 987.750** T/RT 
Levels (L) 2 16,249.500** L/RL 
Hours (H) 1 3,756.000** H/RH 
R X T 16 65.938 RT/E 
R x L 4 37.639 RL/E 
R x H 2 1.877 RH/E 
T x L 16 331.000** TL/RTL 
T x H 8 331.709** TH/E 
L x H 2 358.932** LH/RLH 
R x T x L 32 33.577 RTL/E 
R x T X H 16 11.634 RTH/E 
R x L x H 4 3.210 RLH/E 
T x L x H 16 171.252** TLH/E 
R x T x L x H 32 25.272 \ 
** Indicates significance at the 1% level 
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TABLE XIII 
ANALYSIS OF VARIANCE ON DATA PRESENTED IN TABLE X WITH SUBCLASSES 
OF R POOLED WITH ERROR 
Source of 
variation d. f. Mean square 
Test of 
significance 
Runs (R) 2 78.000 R/E 
Treatments (T) 8 987.750** T/E 
Levels (L) 2 16,249.500** L/E 
Hours (H) 1 3,756.000** H/E 
T x L 16 331.000** TL/E 
T x H 8 331.709** TH/E 
L x H 2 358.932** LH/E 
T x L x H 16 171.252** TLH/E 
Error (E) 106 30.985 
** Indicates significance at the 1% level 
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TABLE XIV 
ANALYSIS OF VARIANCE ON DATA PRESENTED IN TABLE XI 
Source of Test of 
variation d. f. Mean square significance 
Runs (fc) 2 132.000** R/E 
Treatments (T) 8 1,677.420** T/RT 
Levels (L) 2 6,709.672** L/RL 
Hours (H) 1 9,465.000* H/RH 
R x T 16 92.573** RT/E 
R x L 4 6.991 RL/E 
R x H 2 213.920** RH/E 
T x L 16 128.887** TL/RTL 
T x H 8 392.735** TH/E 
L x H 2 171.106* LH/RLH 
R X T x L 32 32.350* RTL/E 
R x T x H 16 63.618 RTH/E 
R x L x H 4 10.456 RLH/E 
T x L x H 16 115.105* TLH/E 
R x T x L x H 
Error (E) 
32 15.990 
* Indicates significance at the 5% level. 
** Indicates significance at the 1% level. 
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There was significant variation between the samples of any par¬ 
ticular subclass with treatments, levels or hours. The mean 
squares of these classes were large which showed the great effects 
of treatments, levels and hours on the mortalities of the larvae. 
The runs and some subclasses including runs showed signifi¬ 
cant variation in the second experiment (Table XIV), and for that 
reason those subclasses with runs could not be included in the 
error term. However the run x level and the run x level x hour 
subclasses were non-significant. This may be expected since the 
range in the levels of the insecticides is less in this experi¬ 
ment than in the previous one and the levels should produce less 
variation in the number of survivors. 
Results and Discussion 
The summarized data from the two experiments in Table XV 
show that while all the materials tested were effective* at a 
level of 4.0 mg./kg. at 0 hours, only Cygon produced substantial 
mortalities at the lowest level of 0.25 mg./kg. Differences be¬ 
tween the materials also appear in regard to their persistence 
after 48 hours. Ciodrin and Korlan did not appear to be very 
stable in the droppings, and the effectiveness of Neguvon seemed 
to be lost completely after it had remained in the droppings for 
two days. Cyoon was the only material tested which remained ef¬ 
fective after 48 hours at a level of 1.0 mg./kg., although Diazinon 
♦Effectiveness, as it is used here, refers to a larval mor¬ 
tality of approximately 90 per cent or greater due to the pres¬ 
ence of a toxicant in the droppings. 
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TABLE XV 
SUMMARY OF THE TOXICITY AND PERSISTENCE OF CERTAIN INSECTICIDES 
MIXED IN POULTRY DROPPINGS AGAINST LARVAE OF THE LITTLE HOUSE FLY. 
AMHERST, MASSACHUSETTS, 1962-1963 
Material Level"*' 
No. larvae Mean mortalities2 
in test 0 hrs. 48 hrs. 
mg./kg. per cent per cent 
Bayer 29493 0.25 300 19.2 2.5 
0.5 300 24.4 24.1 
1.0 600 76.6 37.6 
2.0 300 92.3 87.0 
4.0 300 100.0 97.0 
Co-Ral 0.25 300 7.6 8.2 
0.5 300 68.8 22.5 
1.0 600 91.7 68.8 
2.0 300 100. 93.5 
4.0 300 99.3 97.7 
Ciodrin 0.25 300 5.0 1.3 
0.5 300 37.0 3.2 
1.0 600 57.9 7.6 
2.0 300 86.3 26.4 
4.0 300 95.3 25.6 
Cygon 0.25 300 63.0 35.2 
0.5 300 98.4 71.3 
1.0 600 99.6 93.1 
2.0 300 4.00. 100. 
4.0 300 100. 100. 
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TABLE XV (continued) 
1 No. larvae 
--- 
Mean mortalities 
Material Level 
in test 0. hrs. 48 hrs. 
Diazinon 
mg./kg. 
0.25 300 
per cent 
10.8 
per cent 
0. 
0.5 300 35.9 13.0 
1.0 600 94.0 73.6 
2.0 300 100. 98.6 
4.0 300 100. 100. 
Dimetilan 0.25 300 17.6 9.4 
0.5 300 25.4 19.0 
1.0 600 66.7 39.8 
2.0 300 91.8 78.5 
4.0 300 96.9 94.9 
Korlan 0.25 300 8.8 0. 
0.5 300 38.9 5.1 
1.0 600 80.3 14.9 
2.0 300 94.9 35.4 
4.0 300 100. 99.2 
Neguvon 0.25 300 11.6 4.0 
0.5 300 42.2 4.6 
1.0 600 83.0 3.6 
2.0 300 99.3 18.4 
4.0 300 99.3 1.4 
Zytron 0.25 300 11.8 1.8 
0.5 300 38.6 11.2 
1.0 600 39.0 19.5 
2.0 300 87.6 60.0 
• 4.0 300 99.3 100. 
Milligrams of active ingredient per kilogram of droppings. 
Larval mortality corrected by Abbott!s formula. 
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and Co-Ral remained effective at the 2.0 mg./kg. level. The in¬ 
secticides are ranked in Table XVI for the purpose of comparing 
the materials at their more effective levels. The insecticides 
remained in the same order of effectiveness for 0 and 48 hours 
respectively, except Neguvon and Zytron. The more significant 
results are those in the 48-hour columns. Dimetilan and the 
materials listed above it may effectively reduce the survival 
of little house fly larvae in poultry droppings at the listed 
concentrations of those toxicants; 
SUMMARY AND CONCLUSIONS 
A method was developed for testing insecticides against 
newly-hatched larvae of the little house fly. By the method, the 
larvae were exposed continuously to a toxicant in a medium of 
poultry droppings* 
A short-term feeding experiment with Co-Ral indicated that 
the chemical gave an effective degree of control against newly- 
hatched little house fly larvae added to the droppings from the 
treated birds, and the poultry were not visibly affected. How¬ 
ever the effects of Co-Ral in poultry rations to field populations 
of the flies were not determined* 
In screening tests, twelve insecticides were mixed with 
poultry droppings prior to adding the larvae; these insecticides 
were: Bacillus thurlngiensis, Bayer 29493, Co-Ral, Cygon, Ciodrin, 
Diazinon, Dicapthon, Dimetilan, Xorlan, Neguvon, Sevin and Zytron. 
B. thuringiensis, Dicapthon and Sevin were eliminated in the 
preliminary tests * 
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The remaining materials were compared for initial effective¬ 
ness and for persistence in poultry droppings after 48 hours. The 
toxicants differed in their stabilities in droppings as well as 
their initial toxicity* Cygon was substantially more effective 
than any of the other materials tested and it maintained its tox¬ 
icity well after 48 hours in the manure. Next to Cygon in effec¬ 
tiveness* Co-Sal and Biazinon were about equal as larvicides. 
Zytrron, Korlan, Bayer 29493 and Dimetilan were next in order of 
effectiveness. If a selection is made of these materials for 
paltry feeding experiments, Bayer 29493, Ciodrin and Neguvon 
could probably be excluded. The first was not particularly ef¬ 
fective and is more toxic to poultry than some of the other mate¬ 
rials according to data sheets from Chemagro corporation. Ciodrin 
and Neguvon were found considerably less effective against the 
larvae. 
On the basis of toxicity to larvae of the little house fly, 
it appeared that little effective Co-pal waa excreted in comparison 
to the quantities fed to the poultry. 
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TABLE A 
DETERMINATION OF CORRECTED SUMS OF SQUARES FOR SUBCLASSES. 
Subclass Formula for corrected sums of squares 
RT rt - r - t + I 
RL i u i & 1 + I 
TL rt
 
H
 1 rt
 1 1 + I 
RH rh - r - h + I 
TH th - t - h + I 
LH s
 i KH
 1 h + I 
RTL rtl - rt - rl - tl + r + t + 1 
- I 
RTH rth - rt - rh-th+r+t+h 
- I 
RLH rlh - rl - rh-lh+r+l+h 
- I 
TLH tlh - tl - th-lh+t+l+h - I 
RTLH(E) rtlh - rtl 
+ th + lh • 
- rth - rlh - tlh + 
-r-t-l-h+I 
rt + rl + rh + tl 
To calculate sums of squares: 
1. By definition, I as used in the above equations, is the 
correction termT 
2. A lower case letter is an uncorrected sum of squares for 
a class, i.e. r is the uncorrected sum of squares for runs 
(replicates). 
3. A combination of lower case letters is an uncorrected sum 
of squares for a subclass, i.e. rl is the uncorrected sum 
of squares for the run x level subclasses, and tlh is the 
uncorrected sum of squares for the treatment x level x 
hour subclasses. 
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TABLE B 
DETERMINATION OF THE APPROPRIATE TEST OF SIGNIFICANCE 
GIVEN THE EXPECTATIONS OF MEAN SQUARES. 
Source of 
/ 
variation d.f. 
Expectations of 
mean squares 
< 
Test of 
significance 1 
Runs (R) 2 + k fl2 14 r R/E 
Treatments (T) 8 + k CT2^ + k CT2 10 rt 13 t T/RT 
RT 16 + k10 ^t RT/E 
Levels (L) 2 + k9 ^rl + k12 L/RL 
RL 4 + k9 ^rl RL/E 
TL 16 + k4 ^rtl + k8 ^tl tl/rtl 
RTL 32 + ^4 ^rtl RTL/E 
Hours (H) 1 + k7 ^rh + kll ^ H/RH 
RH 2 of + k7 RH/E 
TH 8 k a2 
6 th 
TH/E 
LH 2 a2 
e 
+ k2 ^rlh + k5 ^lh lh/rlh 
RTH 16 
e 
4- k3 ^rth rth/e 
RLH 4 + k2 ^rlh rlh/e 
TLH 16 a2 
e 
+ k (T2 K1 utlh tlh/e 
Error (E) 32 ff2 
e 
To find the test of significance: 
1. Omit the last quantity of the Expectations of Mean Squares (EMS) 
2. Find the EMS which is identical to the remainder. 
3. The remainder becomes the denominator in the test of signifi¬ 
cance. For example, if k-^ o£ is omitted from the EMS for. 
runs, the remainder 0^ is identical to the EMS for error. 
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TABLE C 
EXPECTATIONS OF MEAN SQUARES WITH SUBCLASSES 
OF R POOLED WITH ERROR.1 
Source of 
1 variation d.f. 
Expectations of 
mean squares 
Test of 
significance 
Runs (R) 2 (Tg + k. ff2 
e 8 r R/E 
Treatments (T) 8 el + k7 <j* T/E 
Levels (L) 2 fff + k e? 
e 6 1 
L/E 
Hours (H) 1 a2 + k a? 
e 5 h H/E 
TL 16 
°e + k4 fftl TL/E 
TH 8 + k3 02th TH/E 
LH 2 + k2 °ih LH/E 
TLH 16 <^e + ki ^lh TLH/E 
Error 106 
161 
1 The Expectations of Mean Squares (Table B) show that where 
all the interactions with runs are pooled with error, the 
remaining subclasses are tested by the error. 
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